One of the remarkable feats of intelligent life is that it restructures the world it lives in for its own benefit. Beavers build dams for shelter and to produce better hunting grounds, bees build hives for shelter and storage, humans have transformed the world in a multitude of ways. Intelligence is not only the ability to produce the right reaction to a randomly changing environment, but is also about actively influencing the change in the environment, leaving artefacts and structures that provide benefits in the future.
: A 3d wireframe rendering of two 3 × 3 × 10 worlds, the transparent brown cubes are earth blocks, the blue cubes agents. In the left scenario the agent is controlled by empowerment, and has produced a stair-like structure after ca. 100 time steps, which allows the agent to access the higher parts of the environment. The right scenario features an agent that chooses actions uniformly random for comparison, and we see that the initial configuration of earth blocks in the lower 5 levels is nearly unmodified.
afterwards is above an empty square, it will fall down one square. Earth blocks are not affected by gravity, so it is possible to have "levitating" structures.
The agent can also decide to interact with the 6 adjacent blocks (up, down, north, south, east, west). If the agent's inventory is empty, and the adjacent block contains something, then the agent will take the block, filling its inventory with it. The cube in the world will then be empty. If the agent's inventory is full, then the agent will try to place the block in the world, succeeding if the relevant adjacent cube is empty. The agent can also do nothing, or destroy the block in its inventory, resulting in an empty inventory. This gives the agent 12 possible actions, several of which can reshape the world. To generate behaviour we approximated the empowerment for the states resulting from these 12 actions, and took the action with the highest expected empowerment. In the discrete, noiseless case, empowerment is basically the amount of reachable states, so to fully compute 15-step empowerment we would have to check all 12 15 action sequences, and count how many different results we get. We approximated this by checking 10.000 random sequences, and counting how many different resulting locations (x,y,z-coordinates) the agent would reach. This also provided us with a certain degree of random noise in the action selection.
Our agent performs a gradient ascent by choosing the actions that lead to the highest empowerment value in the next step. The observed behaviours depend on the initial configuration of the world. If the world is filled with blocking earth blocks, then the agent will take and destroy blocks to create tunnels through the ground to gain mobility. If the lower half of the world is filled with blocks, then the agent will take in blocks and move them to build stair-like structures (see Fig. 1 ), to make higher levels of the world accessible to it. The stairs are configured so that the agent-specific movement rules allow it to move up and down in the world; they reflect how the agent interacts with the world, and are artefacts that reflect the agent's motoric affordances.
In previous simulations [3] we were able to observe how an agent would change the world state to increase it own empowerment, e.g., an agent would move to the central position in a maze to increase it mobility (and thereby its empowerment). In our current simulation, the agent still changes the worldstate, albeit in a much larger state-space, but the qualitative difference here is that if we remove the agent, and replace it with a similar one in the same world, then the empowerment gain of restructuring the world remains for the second agent. Similarly, in a multi-agent scenario, one agent that is changing the world so it provides more empowerment to itself would at the same time make the world more empowerment-providing for others. Thereby, the intrinsic motivation of empowerment could be used as a local, agent-centric incentive for each member of a group of agents, who would then jointly restructure the world to their common benefit, like a swarm of insects that build a hive together.
